Maximal CP violation is predicted and CKM matrix is the identity matrix at the tree-level.
INTRODUCTION
Despite the great success of the Standard Model (SM) of the elementary particle physics, the origin of flavor structure, masses and mixings between generations of matter particles are unknown yet. The neutrino mass and mixing is one of the most important evidence of beyond Standard Model physics and also one of the biggest challenges in particle physics. Many experiments show that neutrinos have tiny masses and their mixing is sill mysterious [1] [2] [3] [4] [5] [6] [7] . The tri-bimaximal form for explaining the lepton mixing scheme was first proposed by Harrison-Perkins-Scott (HPS), which apart from the phase redefinitions, is given by [8] [9] [10] [11] 
which can be considered as a good approximation for the recent neutrino experimental data. The best fit values of neutrino mass squared differences and the leptonic mixing angles in Refs. [12, 13] have been given in Tables I and II . These large neutrino mixing angles are completely different from the quark mixing ones defined by the Cabibbo-Kobayashi-Maskawa (CKM) matrix [15] . This has stimulated work on flavor symmetries and non-Abelian discrete symmetries, which are considered to be the most attractive candidate to formulate dynamical principles that can lead to the flavor mixing patterns for quarks and lepton. There are many recent models based on the non-Abelian discrete symmetries, for example, see Ref. [14] and references there in.
In the SM, CP symmetry is violated due to a complex phase in the CKM matrix [15, 16] .
However, since the extent of CP violation in the SM is not enough for achieving the observed BAU, we need new source of CP violation for successful BAU. On the other hand, CP violations in the lepton sector are imperative if the BAU could be realized through leptogenesis. So, any hint or observation of the leptonic CP violation can strengthen our belief in leptogenesis [17] . The violation of the CP symmetry is a crucial ingredient of any dynamical mechanism which intends to explain both low energy CP violation and the baryon asymmetry. Renormalizable gauge theories are based on the spontaneous symmetry breaking mechanism, and it is natural to have the spontaneous CP violation as an integral part of that mechanism. Determining all possible sources of CP violation is a fundamental challenge for high energy physics. In theoretical and economical viewpoints, the spontaneous CP breaking necessary to generate the baryon asymmetry and leptonic CP violation at low energies brings us to a common source which comes from the phase of the scalar field responsible for the spontaneous CP breaking at a high energy scale [17] .
Among the standard model's extensions, the 3-3-1 models have interesting features which have been introduced in Refs. [14, [18] [19] [20] [21] [22] [23] [24] . In Refs. [18, 19] we have studied the 3-3-1 model with neutral fermions based on A 4 and S 4 groups, in which the exact tribimaximal form is obtained, where
As we know, the recent considerations have implied θ 13 = 0 as shown in Tables I, II. This problem has been improved in the 3-3-1 model with other non-Abelian discrete symmetries [14, [20] [21] [22] [23] [24] . In Ref. [14] we have studied the 3-3-1 model with neutral fermions based on T 7 group, in which all three left-handed fermion fields are set in one triplet 3 under T 7 . In this paper, we investigate another choice for this type of 3-3-1 model based on T 7 discrete symmetry in which three left-handed lepton fields are put in the 3 * instead of 3 under T 7 , and the 3 generations of right-handed lepton singlets are put, respectively, in the 1, 1 ′′ and 1 ′ instead of 1, 1 ′ and 1 ′ of T 7 .
The motivation for the change to our previous work studied in Ref. [14] is derived from a useful feature of tensor products of T 7 group. Namely, 3 ⊗ 3 ⊗ 3 or 3 * ⊗ 3 * ⊗ 3 * has two invariants and 3 ⊗ 3 ⊗ 3 * or 3 * ⊗ 3 * ⊗ 3 has one invariant. Hence, we can propose another choice of fermion content of the model to obtain desired results. The motivation for extending the above application to the 3-3-1 models with the neutral fermions N R is mentioned in [18] [19] [20] .
The rest of this work is organized as follows. In Sec. II and III we present the necessary elements of the model as well as introducing necessary Higgs fields responsible for the charged lepton masses. Sec. IV is devoted for the neutrino mass and mixing. We summarize our results and make conclusions in the section V.
II. FERMION CONTENT
The fermion content of the model is similar to that in [14] except three left-handed fermions
symmetries as proposed, the fermions of the model transform as follows
where the subscript numbers on field indicate to respective families which also in order define components of their T 7 multiplets. In the following, we consider possibilities of generating the masses for the fermions. The scalar multiplets needed for the purpose are also introduced.
III. CHARGED LEPTON MASSES
The charged lepton masses arise from the couplings 
In this work, we argue that T 7 → Z 3 in charged -lepton sector is taken place, and this can be achieved by the Higgs triplet φ with the VEV alignment φ = ( φ 1 , φ 1 , φ 1 ) under T 7 [14] , where
The Yukawa interactions are
The mass Lagrangian for the charged leptons is then given by
The mass Lagrangian for the charged leptons reads
where
This matrix can be diagonalized as,
We note that the charged -lepton mixing matrix in (10) is different to that of in Ref. [14] . This leads to the difference of the lepton mixing matrix of these two versions, and this is the main result of this work.
The experimental values for masses of the charged leptons at the weak scale are given as [26] :
m e = 0.511 MeV, m µ = 105.658 MeV, m τ = 1776.82 MeV (11) from which it follows that h 1 ≪ h 2 ≪ h 3 . On the other hand, if we choose the VEV v ∼ 100GeV
In similarity to the charged lepton sector, to generate the quark masses, we additionally introduce the two scalar Higgs triplets η, χ respectively lying in 3 and 1 under T 7 . By assuming that the VEVs of η and χ are given as η = ( η 1 , η 1 , η 1 ) with η 1 = (u 0 0) T and χ = (0 0 v χ ) T , from the invariant Yukawa interactions, the exotic quarks therefore get masses [14] :
, and the masses of ordinary up-quarks and down-quarks are
The unitary matrices which couple the left-handed quarks u L and d L to those in the mass bases are unit ones. The CKM quark mixing matrix at the tree level is then U CKM = U † dL U uL = 1. This is a good approximation for the realistic quark mixing matrix, which implies that the mixings among the quarks are small. To obtain a realistic quark spectrum, we should add radiative correction or use the effective six-dimensional operators (see Ref. [25] for details). However, we leave this problem for the future work. A detailed study on charged lepton and quark masses can be found in Ref. [20] . In this paper, I consider a new version for the 3-3-1 model based on T 7 flavor symmetry responsible for neutrino mass and mixing.
IV. NEUTRINO MASS AND MIXING
The neutrino masses arise from the couplings ofψ c L ψ L to scalars, whereψ c L ψ L transforms as 3 * ⊕6 under SU(3) L and 3 * ⊕3⊕3 under T 7 . To obtain a realistic neutrino spectrum, the antisextets transform as follows 
The alignments of anti-sextets were explained in Ref. [14] . In this work we also argue that both the breakings T 7 → Z 3 and T 7 → {identity} (Instead of Z 3 → {identity}) must be taken place in neutrino sector. However, the VEVs of σ does only one of these tasks. These happen with the VEVs alignments as follows [14] :
Note that the alignments of anti-sextets σ, s, σ ′ are the same as those in Ref. [14] , the unique difference is under T 7 representations. The Yukawa interactions in the neutrino sector are:
Although the Yukawa interactions in Eq. (19) are differ from the one give in Ref. [14] , the mass terms for the neutrino sector are the same, which is given by
Therefore, neutrino mass and mixing are the same as those in Ref. [14] . Namely,
and
with a L,D,R , b L,D,R and c L,D,R are given in Eq. (5.15) in Ref. [14] .
Combining (10) and (22), we get the lepton mixing matrix:
It is worth noting that in this version the lepton mixing matrix in (25) takes a similar form but not identical to that in Ref. [14] . The unique difference is the role of K in the lepton mixing matrix U lep .
On the other hand, the matrix U lep given in (25) is slightly different from U HP S in (1), but similar to the original version of trimaximal mixing considered in Ref. [27, 28] which is based on the ∆ (27) group extension of the Standard Model. Although there are some phenomenological predictions of the model are similar to those in Ref. [27, 28] but the fundamental difference between our model with the well known one is the prediction of CP violation. Namely, our model predicts maximal CP violation δ = π/2 with θ 23 = π/4 whereas in Ref. [27] , the maximal CP violation δ = π/2, 3π/2 achieved with θ 23 = π/4.
In the standard Particle Data Group (PDG) parametrization, the lepton mixing matrix (U P M N S )
can be parametrized as 
where P = diag(1, e iα , e iβ ), and c ij = cos θ ij , s ij = sin θ ij with θ 12 , θ 23 and θ 13 being the solar angle, atmospheric angle and the reactor angle respectively. δ is the Dirac CP violating phase while α and β are the two Majorana CP violating phases.
By comparing Eqs. (25) and (26) we obtain α = 0, β = π 2 for the two Majorana phases, and the lepton mixing matrix in (25) can be parameterized in terms of three Euler's angles θ ij as follows:
Substituting
2 into (29) yields:
The expression (30) tells us that k 2 1 + k 2 2 ≡ |K| 2 = 1. Combining (27) and (28) yields:
.
Since cos δ = 0 so that sin δ must be equal to ±1, it is then δ = π 2 or δ = 3π 2 . However, to fit the data in Tab. I and Tab. II, δ = π 2 is used. Thus, this version predicts the maximal Dirac CP violating phase which is the same as our previous work and also similar to the results in Refs. [27, 28] . We emphasize that the maximal CP violation δ = π 2 in our model achieved with θ 23 = π/4 in contrast to that in Refs. [27, 28] , and this is one of the most striking prediction of the model under consideration. In the case δ = π 2 , from (31) we have the relation among three Euler's angles as follows:
(i) For the best fit values of θ 12 and θ 13 ,in the normal case, given in Table I, 
The lepton mixing matrix in (25) 
The value of the Jarlskog invariant J CP which determines the magnitude of CP violation in neutrino oscillations is determined [29] :
J CP = 1 8 cos θ 13 sin 2θ 12 sin 2θ 23 sin 2θ 13 sin δ = 0.034865.
(ii) In a similarity way, for the best fit values of θ 12 and θ 13 ,in the inverted case, given in Table   II, 
The value of the Jarlskog invariant J CP is determined [29] :
Up to now the values of neutrino masses (or the absolute neutrino masses) as well as the mass ordering of neutrinos is unknown. The neutrino mass spectrum can be the normal mass hierarchy
The mass ordering of neutrino depends on the sign of ∆m 2 23 which is currently unknown. From (21), (33) or(36) and the two experimental constraints on squared mass differences of neutrinos as shown in Tab.I and Tab.II, we have the solutions as shown below. In this case, combining (21) , (24) with the two experimental constraints on squared mass differences of neutrinos as shown in Tab. I, we get a solution (in [eV]) as follows: From the expressions (21), (25) , it is easily to obtain the effective mass m ee governing neutrinoless double beta decay [30] [31] [32] [33] [34] [35] , m ee =| have been studied in detailed in [14] . In the normal spectrum, |m 1 | ≈ |m 2 | < |m 3 |, so m 1 ≡ m light is the lightest neutrino mass. In Fig. 3 Similar to the normal case, in this case we also have a solution as follows: 
